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504a Tuesday, February 5, 2013formed, cyt c becomes a peroxidase which catalyzes peroxidation of polyunsat-
urated CL species into products that are required for the execution of the apo-
ptotic program. The essential details of the cyt c/CL interactions - leading to the
gain of cyt c’s peroxidase competence towards CL - remain to be elucidated.
Here, we used Coarse Graining Molecular Dynamic (CG-MD) simulation as
a computational route to explore structural details of cyt c interactions with
CL-containing phospholipid bilayer. using the MARTINI force field of a
4-to-1 atoms-to-bead mapping for both lipids and protein, we simulated a lipid
bilayer containing 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) and 20%
tetraoleoyl-CL (TOCL). Furthermore, we investigated the effect of CL perox-
idation on membrane structure and interactions with cyt c. The simulation
visualizes cyt c movement toward the phospholipid bilayer, to which it binds
and then migrates along its surface. Inside the bilayer, clustering of CL with
respect to the position of cyt c on the bilayer surface was observed. Peroxida-
tion of CL altered the phospholipid membrane and caused the appearance of
disorganized domains. Furthermore, increasing levels of peroxidation resulted
in decreasing capacity of cyt c to interact with the membrane, whereby cyt c
completely lost the ability to bind to the bilayer containing fully peroxidized
CL (with all four of CL’s acyls oxidiatively modified). Supported by NIH grant
R01 ES020693.
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Large-scale conformational transitions in biomolecules occur on complex,
high-dimensional free energy surfaces. Simulating these transitions is often
challenging due to the mismatch between the timescales required to traverse
the energetic landscape and those accessible by conventional simulation tech-
niques. The ‘‘weighted ensemble’’ (WE) path sampling method is a rigorous
technique for simulating this class of rare transitions. We extend the WE
method by combining it with a string method to adaptively refine the set of
order parameters used to enhance sampling along the transition pathway.
This permits sampling transitions in the space of many order parameters for
a wide range of equilibrium and non-equilibrium processes. From these simu-
lations, accurate estimates of steady state conformational distributions and
reaction rates can be obtained, even for systems with complex transition
pathways that may involve metastable intermediates. We demonstrate the
application of this method using two simple models of driven Brownian
motion, protein conformational change with a coarse-grained model, and
fully-atomistic models.
2579-Pos Board B598
A Robust Framework for Adaptive Multiscale Modeling of Biopolymers
using Highy Parallelizable Methods
Imad Khan.
Rensselaer Polytechnic Institute, Troy, NY, USA.
Due to the challenges involved with modeling complex molecular systems,it is
essential that computationally intelligent schemes be produced which put the
computational effort where and when it is needed to capture important phenom-
ena, and maintain needed accuracy at minimum costs. In this work, we develop
and investigate algorithms for the adaptive modeling and simulation of the
dynamic behavior of highly complex multiscale processes. This is accom-
plished through the appropriate use of an adaptive hybridization of existing,
newly developed, and proposed advanced multibody dynamics algorithms
and modeling strategies for forward dynamic simulation. The adaptive multi-
scale simulation technique presented here benefits from the highly paralleliz-
able structure of the divide and conquer (DCA) framework for modeling
multibody systems. These algorithms permits a large complex molecule (or
systems of molecules) to be seamlessly treated using a hierarchy of reduced
order models ranging from atomistic to the continuum scale. The reduced order
and low fidelity models, when correctly developed, can provide significant
computational savings. The reason is these coarser scale models effectively
constrain out high frequency modes which dominate the integration of the
equations of motion, but are of little or no relevance to the important overall
conformational behavior of the system. When such fine-scale (temporal and/or
spatial) scales are not needed the subassemblies of the molecule can be identi-
fied and modeled by coarser scale representations which may include rigid-
body models, articulated body models, flexible body models, and continuum
models. The simulation technique using the DCA framework permits switching
between different resolution models adaptively during the simulation. For ex-
ample, from fully atomistic to a multi-flexible or multi-rigid body representa-
tion can be achieved depending on the researcher specified internal metric
indicators or error estimates.2580-Pos Board B599
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We have developed LOOS (Lightweight Object Oriented Structure-analysis) as
a tool for making new tools for analyzing molecular simulations. LOOS is an
object-oriented library designed to facilitate the rapid development of new
methods for structural analysis. LOOS includes over 120 pre-built tools for
common structural analysis tasks, such as assessing the convergence of simu-
lations, hydrogen bonding patterns, and the construction and visualization of
3D histograms as density. LOOS supports reading the native file formats of
most common simulation packages, including AMBER, CHARMM, Gromacs,
NAMD, and Tinker and can write NAMD formats (PDB and DCD). A dynamic
atom selection language, based on the C expression syntax, is included as part
of the library and is easily accessible to both the programmer and the end user.
LOOS is written in Cþþ and makes extensive use of Boost and the Standard
Template Library. Through modern Cþþ design, LOOS is both simple to
use (requiring knowledge of only 4 core classes and a few utility functions)
and easily extensible. A Python interface to the core components of LOOS is
also available, further facilitating rapid development of analysis tools and
broadening the LOOS community by making it accessible to those who would
otherwise be deterred by using Cþþ. LOOS also includes a set of libraries and
tools for performing elastic network model calculations that are easily extended
to accommodate new methods.
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In this work we demonstrate how the most probable transition path between
metastable states can be recovered from replica exchange molecular dynamic
simulation data by using the dynamic string method. The local drift vector in
collective variables is determined via the short continuous trajectories between
replica exchanges at a given temperature. A string is updated based on this drift
vector to produce reaction pathways between the folded and unfolded state. The
method is applied to a beta hairpin-forming peptide to obtain information on the
folding mechanism and transition state using different sets of collective vari-
ables. Two main folding pathways differing in the order of events are found
and discussed, and the relative free energy differences for each path estimated.
The string that shows turn formation before native arrangement of the hydro-
phobic core has lower free energy difference from the unfolded state and
thus is expected to be more probable. Finally, in both cases, the conformations
on the peak of the free energy barrier have the tryptophans on the same side of
the beta structure suggesting this arrangement to be the rate-limiting step.
This work was supported by the NSF MCB-1050966 and CCNI.
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The ensemble of 3-d configurations exhibited by a biomolecule, that is, its in-
trinsic motion, can be altered by several environmental factors, and also by the
binding of other molecules. Quantification of such induced changes in intrinsic
motion is important because it provides a basis for relating thermodynamic
changes to changes in molecular motion. This task is, however, challenging be-
cause it requires comparing two high-dimensional datasets. Traditionally, when
analyzing molecular simulations, this problem is circumvented by first reduc-
ing the dimensions of the two ensembles separately, and then comparing sum-
mary statistics from the two ensembles against each other. However, since
dimensionality reduction is carried out prior to ensemble comparison, such
strategies are susceptible to artifactual biases from information loss. Here we
introduce a method based on support vector machines that yields a normalized
quantitative estimate for the difference between two ensembles after comparing
them directly against one another. While this method can be applied to any mo-
lecular system, including non-biological molecules and crystals, here we show
how it can be applied to identify the specific regions of a paramyxovirus G-pro-
tein that are affected by the binding of its preferred human receptor, Ephrin-B2.
This protein-protein interaction essentially regulates viral fusion. Specifically,
for every residue in the G-protein, we obtain separately a quantitative
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and in the absence of Ephrin-B2. These ensembles were generated using molec-
ular dynamics simulations. Rank-ordering and then mapping the residues that
undergo the greatest change in motion on to the 3-d structure of the G-protein
reveals that they are clustered primarily on a single contiguous facet of the
protein, and include the set that is known experimentally to play a vital role
in regulating viral fusion.
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In our previous study on self-assembly mechanism of DNA nanostructures,
using elastic network model (ENM) based normal mode analysis (NMA), we
successfully explained the reason why planar DNA tiles were self-assembled
as a helical nanotube, which was totally contrast to our preconception such
that they could form a planar lattice nanostructure. Although this traditional
ENM based NMA is very useful to catch collective motions of biomolecules
in a timely fashion, it is impossible to predict vibration frequency due to its
dimensionless uniform mass and spring constants.
We propose a mass-weighted chemical elastic network model (MWCENM)
which takes inertia effect and chemical bond information into account. For
example, lumped masses are assigned to the representative atoms and different
spring constants are given to bonded and non-bonded interactions including
covalent bond, hydrogen bond, and van der Waals interaction.
Several comparison studies convince us that MWCENM is able to catch DNA
dynamics more precisely and more effectively. It is also expected that one can
use MWCENM based NMA results, which include both predicted frequencies
and corresponding mode shapes, as a fingerprint to characterize molecular
dynamics by a comparison with vibration spectrum data.
2584-Pos Board B603
Multiscale Protein Reconstruction using Atomic Force Microscopy
Rui C. Chaves1, Michael Odorico1, Jean-Marie Teulon1, Pierre Parot1,
Shu-wen W. Chen1,2, Jean-Luc Pellequer1.
1CEA, iBEB, Department of Biochemistry and Nuclear Toxicology, Bagnols
sur Ceze, France, 213 Avenue de la Mayre, 30200 Bagnols sur Ceze, France.
Recent discovered protein structures are made of folds that have been previ-
ously determined. The discovery of new folds is currently at a pause and there
is a giant gap in the 3D knowledge of large proteins (> 600 residues) compared
to the knowledge of protein sequences.
We have recently proposed a multiscale integrative structural biology method
for the reconstruction of large macromolecular proteins based on the assembly
of their individual constituents [Trinh et al., Structure 20, 113 (2012)]. The pro-
tocol is based on real-space docking of macromolecular constituents beneath an
experimental topographic surface such as AFM images and the assembly of the
molecular constituents is performed using a combinatorial approach. Prelimi-
nary results were obtained with simulated data. Here, an antibody structure
was reconstructed using its Fab and Fc constituents: the air AFM Multimode
III topographic image (322 pixels) [Figure a] was deconvoluted from the tip
shape and used as envelop surface. The top scored result from the reconstruc-
tion of 20003 solutions out of 1011 docking
orientations (computation time 3h30, 30
CPUs) is represented in Figure b (top)
and c (side view). The protocol efficiency
will be evaluated, advantages and draw-
backs will be discussed.
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Protein-protein interactions are the basis of many biological processes and are
governed by focused regions with high binding affinities, the hot-spots
(HS).(Martins et al., 2013, Moreira, Martins, et al., 2012) It was proposed
that these regions are surrounded by areas with higher packing density leading
to solvent exclusion around them - ‘‘the O-ring theory’’.(Bogan & Thorn, 1998)
This important inference still lacks sufficient demonstration. We have used
Molecular Dynamics (MD) simulations to investigate the validity of the O-
ring theory in the context of the conformational flexibility of the proteins,
which is critical for function in general and for interaction with water, in par-
ticular. For a database of 160 residues in 9 complexes the MD results were an-alyzed for a variety of solvent accessible surface area features, radial
distribution functions, protein-water distances and water residence times. The
measurement of the average Solvent Accessible Surface Area features for the
HS and null-spots (NS), as well as data for corresponding radial distribution
functions, identify distinct properties for these two sets of residues. HS are
found to be occluded from the solvent. This study provides strong evidence
in support of the O-ring theory.(Moreira, Ramos, et al., 2012)
Bogan, A. A. & Thorn, K. S. (1998). Journal of Molecular Biology 280, 1-9.
Martins, J., Ramos, R. & Moreira, I. (2013). Communications in computational
physics 13, 238-255.
Moreira, I. S., Martins, J. M., Ramos, M. J., Fernandes, P. A. & Ramos, M. J.
(2012). Biochem. Biophys. Acta, Available online.
Moreira, I. S., Ramos, R. M., Martins, J. M., Fernandes, P. A. & Ramos, M. J.
(2012). In submission.
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We approached to prediction of protein-protein interactions using rigid-body
docking algorithm, generating many decoys including false positives. To
search near-native decoys from a decoy set generated by a docking process,
cluster analysis is useful with calculating similarities between decoys.
However, this analysis goes well only in the case that a decoy set includes
near-native decoys. Actually, there are some cases of protein pairs with no
near-native decoys after an initial docking process.
This problem is related with a size of docking search spaces. When a size of
search space is small, near-native decoys cannot be obtained after a rigid-
body docking process. We then applied a profile method to obtain a region
including native interacting residue pairs for re-docking process by using
Profile of Interaction FingerPrints (P-IFP).
Interaction FingerPrints (IFP) has been developed for the post-docking analysis
of protein-protein rigid-body docking. IFP is composed of binary states of
interacting amino acid residues of each interacting proteins, as a scale for mea-
suring unique similarities between the complex structures. Then, IFP can be
used more easily to evaluate similarities between decoys than RMSD method,
which depends on methods of superposing their structures. Additionally, IFP
can be useful to assemble interaction profiles from various decoys.
In this work, we examined re-docking process after generating P-IFP for rigid-
body docking decoys. As results, we could obtain a set of decoys with higher
similarities than that of decoys generated in the initial docking process.
Re-docking method using the IFP method is expected to improve cases without
near-native decoys in an initial docking process.
2587-Pos Board B606
Small Druglike Molecules with Specific Binding to Plk1 Or LYN Kinases
D.S. Dalafave.
The College of New Jersey, Newtown, PA, USA.
The research addresses computational design of small druglike molecules for
possible anticancer applications. Polo-like kinase 1 (Plk1) is a main regulator
of mitosis. Its inhibition can lead to apoptosis of cancer cells. Most kinases
interact with inhibitors via their highly conserved ATP sites. This makes the
design of Plk1-specific inhibitors challenging. However, Plk1 also has the
polo-box domain (PBD) that is absent from other kinases. Previously, we de-
signed several molecules that interacted with the PBD of Plk1 and with only
one other kinase, LYN. The LYN kinase regulates hematopoietic cells from
which cellular blood components are derived. Yet, LYN’s greatly elevated
activity in glioblastoma tumors suggests that it promotes the malignancy in
these cells. In light of their respective cellular roles, it is important to design
inhibitors that are either Plk1- or LYN-specific. This is not trivial because of
their very similar binding sites. Physicochemical differences between the sites
were analyzed in the DeepView program. Relevant atomic distances within
the PBD of Plk1 were found greater than those within LYN. Thus, a larger
molecule could potentially fit into the PBD and would be excluded from the
LYN’s smaller and less flexible site. Previously designed molecules that
bonded both Plk1 and LYN were used as templates to design more specific in-
hibitors. Designed molecules with no indicated toxicities and optimal values of
other drug-related properties were used for docking in ArgusLab. Molecules
that made stable complexes specifically with either Plk1 or LYN, but with
no other kinases, were identified. Drugs based on these molecules could be
useful against tumors with overexpressed Plk1 or LYN. Such drugs could
selectively bind one of the kinases and lead to fewer side effects than a less
selective drug.
